the tilting angle of sample at the strain rate of 10 10 s -1 . The shear stress-strain curves are shown in Fig. S1 (b-e), from which the shear strengths (the peak stresses on the curves), for (001), (010), (110), and (11 _ 0) are obtained ( Table S1) Table S1 , which is in consistence with those measured by experiments 2, 3 .
Determination of surface energy s. Table S1 , which agree with the values reported in literature [4] [5] [6] .
Theoretical modelling of scratching
To predict the failure mode of surface under scratching, the knowledge of horizontal pushing force F for 'rubbing mode' and 'cutting mode' is necessary. Actually, related results have been obtained especially for scratching with pyramidal probe 1, [7] [8] [9] [10] [11] [12] [13] [14] . In the theoretical analysis, pile-up or sink-in is neglected. So that the contact area can be determined by the penetration depth Dp and the attack angle . Additionally, interaction between probe and scratched material is assumed frictionless and non-adhesive.
According to Bowden and Tabor's theory 12 , the horizontal pushing force in 
where τy is the shear strength of the substrate material, H is the indentation hardness,  is the attack angle, and A rub is the actual contact area between the substrate material and the inclined face of the probe. In our model using the cube-corner probe, we have
where c =2 based on Sedriks and Mulhearn's analysis 13, 14 . Combination of Equation S1
and S2 gives rise to 
where s is the surface energy and is the shear strain of the debris peeled off. The shear strain  is associated with the inclined angle  of shear plane and attack angle 
In Equation S5, the inclined angle is determined to be 2    based on the assumption that the debris happens along the direction requiring the least energy or minimum  The cutting plane is the cross-section of the groove, which is normal to the scratch direction, and the area of the cutting plane can be expressed as Figure S6 (a-c) shows the atomic force microscope (AFM) images of the residual scratches produced on the LS in comparison with that on the OS. It can be seen that scratching does not produce obvious debris on both LS and OS, and no 'cutting mode' failure is observed, agreeing well with the theoretical prediction. However, the depth of the residual scratch on the OS is less than half of that on the LS (see Fig. S6d ), implying the higher wear resistance of OS over LS. 
